Composting is a biological aerobic decomposition process consisted from different phases. Although the Japanese Standards for manure recommended that it took at least 6 months to complete the maturing phase, there was no reliable ground. In order to find out shortening method of the maturing phase, the microorganisms concerned with a progress of the maturing was determined by using the most probable number method (MPN) and PCR-RFLP of the 16S rDNA, which was found effective to provide numbers and taxonomy of polymyxin B resistant bacterial groups in the former paper [1]. Compared to the numbers after thermophilic phase, those of Actinobacteria, δ-proteobacteria, and the other gram negative bacteria increased to 50 times, 20 times, and 10 5 times, respectively, after maturing phase, while those of Bacillus spp., and α and β-proteobacteria decreased to 1/10, and 1/10 5 after maturing phase. Numbers of the other Fumicutes, and γ-proteobacteria remained in the same revel. Actinobacteria, δ-proteobacteria, and the other gram negative bacteria might be concerned with a progress of the maturing phase, because these bacterial groups were detected and enumerated due to their proliferation ability. Although number of Acitinobacteria might be underestimated because of a PCR bias, the method was found effective for the purpose to monitor bacteria actively proliferated in culture medium.
Introduction
Composting is not only one of the most useful ways to reduce organic wastes, such as livestock feces or sewage sludge, but also to supply organic fertilizer. As composting is a biological aerobic decomposition process consisted from different phases, microbial groups concerned with this process have intensively been investigated by using a variety of culture-based [2] - [5] and unculture-based techniques [6] - [14] . Because application of organic fertilizer, prepared under suitable composting process, has found to maintain soil fertility by amending physical, chemical and biological properties of field soil. Although the Japanese Standards for manure recommended that it took at least 6 months to complete the maturing phase, there was no reliable ground. This study was started to determine the microorganisms concerned with a progress of the maturing in order to find out shortening method of the maturing phase.
Although traditional culture based approach such as dilution plate count can clarify change of microbial population during the process, culture-based isolate is not a guarantee of the numerically dominant microorganism and its contribution remains unclear [2] - [5] . Although unculture-based technique, such as denaturing gradient gel electrophoresis (DGGE) [7] [8] [10] [11] [13] or clone library sequencing [6] [9] [11] [12] [14] , targets the both cultured and uncultured microorganisms, the method only reveals variations of relative abundance of each microbial groups and a change of the microbial numbers remains unclear.
Microbial groups are not only largely changed successively in turn of the phases, but also changed by kinds of the used organic waste and manure facility, which make it difficult to determine numerically dominant microorganism in the process because of poor experimental reproducibility [6] . If the both microbial groups and their number can be clarified by a simple single experiment, a numerical change of each microbial groups by a turn of the phase will be determined more easily, which will contribute to establish suitable composting process.
Combined use of the most probable number method and PCR-RFLP of the 16S rDNA was found effective to provide numbers and taxonomies of polymyxin B resistant bacterial groups in the former paper [1] . In this manuscript, changes of numerically dominant microorganisms by a turn of the phase of manure composting were determined using this method.
Materials and Methods

Samples of Manure
Thermophilic process was proceeded in a full scale experimental composting tank equipped with forced aeration system settled in National Agricultural Research Center for Kyushu-Okinawa Region. In the tank, appropriate amount of rice straw and cattle feces were mixed according to an initial carbon nitrogen ratio of 20, and an initial moisture content was adjusted to about 60%. During thermophilic process, the mixture was turned and mixed well one a week and temperatures at different locations in the tank were monitored to control thermophilic phase. After five weeks of thermophilic phase, the cooled manure was transformed to a composting bin covered by a shed, when the composting samples after thermophilic phase (represented as T in Table 1 ) were collected at 5 different locations and sieved (<20 mm mesh). After 6 to 7 months of maturing phase in the bin, the composting samples after maturing (represented as M in Table 1 ) were collected at 5 different locations and sieved (<20 mm mesh). The final product was certified in compliance with the Japanese Standards for manure.
Serial 10-fold dilutions (10 −3 to 10 −13
) prepared from manure (1g fresh wt.) were inoculated to test vials (5 replicates) including nutrient broth. After 5 days incubation at 30˚C, bacterial DNA in each vial was extracted as the followings. Each bacterial group was counted by MPN after the phylogenetic estimations.
MERFLP of the Amplified 16S rDNA
Chromosomal DNAs of each MPN vials were prepared as described previously and purified by conventional 
, and the other gram negative bacterial group (Group J).
b
The 1st letter in vial indicates samples; "T" stands for the sample after thermophilic phase, and "M" stands for the sample after maturing phase. Exponential of vial number represents the decimal dilution of the vial. The 2nd number of vial number (1 -5) represents number in 5 replicates for the each decimal dilution. H of last letter represents MERFL originating from the major 16S rDNA, M represents from the 2nd major 16S rDNA, and L represents from the 3rd major 16S rDNA. Restriction enzymes used for similarity search; "Ha", "Hh", and "R" stand for Hae III, Hha I, and Rsa I. For the measured MERFLP which had no completely identical theoretical MERFLP, the theoretical MERFLP having the highest similarity using all the RFLPs was presented with the similarity as described in the materials and method.
d Species name (accession number) of the theoretical MERFL having the highest similarity with the measured MERFL. methods. Amplification of 16S rDNA was according to the former study [15] [16] using the V2 forward primer (41f), and the V6 reverse primer (1066r) [17] [18] . PCR product (10μl) was separately digested by each of 10 units of the restriction enzyme, Hae III or Hha I or Rsa I (Takara Bio Co. Ltd. Shiga Japan) in Low salt buffer solution (10xLow salt buffer, Takara Bio Co. Ltd.).
Fragment Lengths Measurement by Microchip Electrophoresis System
Fragment lengths were measured by microchip electrophoresis system (Cosmo-i SV1200; Hitachi Electronics Engineering Co., Ltd. Tokyo Japan) as described previously [16] [19] . The sample was diluted by de-ionized water (10 folds for Low salt buffer) before loading on i-tip DNA (IC-1000, Hitachi Chemical Industry Co., Ltd., Tokyo Japan). DNA fragment (65 bp) was used as the lower internal standard, and the PCR product amplified by 41f/1066r primers was used as the upper internal standard, which were co-applied with samples as described previously [10] [11] . In the next similarity search process, the fragment smaller than 100bp was eliminated from the both theoretical and measured MERFLs as described previously [15] .
Theoretical Multiple Enzyme Restriction Fragment Lengths (MERFL) Database Used for the Estimation
The same theoretical MERFL database as that described previously [1] [10] [11] was used for this research, which was consisted from 4370 sequence files of 576 bacterial genera, and 143 uncultured and 34 unidentified bacteria.
Data Processing for Phylogenetic Estimation Using Multi-Template DNA and Phylogenetic Estimation
As each MPN vials included multi-template DNAs originated from heterogeneous bacteria, most of the measured MERFLP was the mixed MERFLPs digested from the heterogeneous 16S rDNA. Whereas all the theoretical MERFLs were originated from the homogeneous 16S rDNA sequence, the measured MERFLP digested from the homogeneous 16S rDNA was selected as described previously [1] . The restriction fragments (RFs) with the highest relative mole concentration (ratio of fluorescent intensity to fragment size) were selected and used as the major RFs (represented as H in Table 1 ). After subtraction of the above the major RFs from the mixed heterogeneous RFs, RFs originated from the 2nd major gene were similarly selected and used for similarity search (represented as M in Table 1 ). After subtraction of the above 2nd major RFs from the remained heterogeneous RFs, RFs originated from the 3rd major gene were similarly selected and used for similarity search (represented as L in Table 1 ).
The similarity between the measured RFLP (A) and the theoretical RFLP (B) was calculated as described previously [15] + N B ) , where N A and N B were the numbers of fragments of each RFLPs and N AB was the number of shared fragments that indicated same sizes within an allowance limit for measuring error according to Nei and Li [21] . The pairwise distance of the MERFLPs (D ABME ) was an average of all the D ABs for used restriction enzymes. Similarity (%) was (1 − D ABME ) × 100 ( Table 1) .
If the completely identical theoretical MERFL was not found out by using all of the measured MERFL data, combinations of restriction enzymes used for the analysis was changed ( Table 1) [15] [16] . As to the measured MERFL which had no completely identical theoretical MERFL, the theoretical MERFL having the highest similarity to the measured MERFL was indicated in 
Estimation of Numbers of Each Taxonomically Different Groups by the Most Probable Number Method
Most probable numbers of each groups (A -J) were estimated for five-tube, three-decimal-dilution experiment ( Table 2) . Confidence limits shown in Table 2 were obtained using Woodward's method [22] .
Results and Discussion
Affiliation of Bacteria by MERFLP without Isolation
Affiliations of eighty one MERFLPs in each MPN vials were summarized in Table 1 . They were affiliated to be Table 1 ).
In the major MERFL, ratio of the MERFLs having 100% similarity to the corresponding theoretical MERFLs (62.9%; Table 3 ) was lower than that of the former study (90.5%) [1] , and the ratio in the 2nd major MERFLs (13.5%; Table 3 ) having 100% similarity to the corresponding theoretical MERFLs was also lower than that of the former study (50.0%) [1] . This might be caused from a difference of used incubation media as the following; NB medium used in this study was not a selective medium, more diverse microorganisms were proliferated in the each MPN vials than that used in the former study, which made it more difficult to select the MERFLP digested from the homogeneous 16S rDNA among the mixed MERFL.
Enumeration of Each Bacterial Groups by MPN
Composting is a biological aerobic decomposition process consisted from different phases; initial phase by the mesophilic microorganisms leading to rapid increase in temperature; the next thermophilic phase when activity and growth of non-thermo-tolerant microorganisms was inhibited and proliferated thermophilic microorganisms took over the degradation process; the final cooling and maturing phase when a new mesophilic microorganismsbecome numerically dominant [3] .
The numbers of B. benzovorans (Group A) were estimated to be 39.1 × 10 8 MPN g −1 dry matter after thermophilic phase, and decreased to 9.96 × 10 8 MPN g −1 after maturing ( Table 2) . Therefore a total number of Bacillus spp. (A + B + C), which was suggested to be a dominant microorganism in thermophilic process [3] [6] [7] [10], decreased to 1/10 after maturing phase (Figure 1) . The numbers of the other Firmicutes (Group D) [8] , which was sug gested to be a dominant microorganism in the both process, were the same level, 41. , respectively ( Table 2 ). The numbers of Actinobacteria (Group E), which was suggested to be a dominant microorganism in maturing process [3] Table 2 and Figure 1) . The numbers of α-proteobacteria (Group F) decreased from 92.0 × 10 8 MPN g −1 to undetectable level after maturing ( Table 2 ). The numbers of β-proteobacteria (Group G) decreased from 85.1 × 10 8 MPN g −1 to 0.002 × 10 8 MPN g −1 after maturing ( Table 2) . Therefore a total number of α and β-proteobacteria, which included denitrifying bacteria [10] , decreased to1/10 5 after maturing phase (Figure 1) . The numbers of γ-proteobacteria (Group H), which was suggested to be a dominant microorganism in the both phase [11] , decreased from 140 × 10 8 MPN g −1 to 73.2 × 10 8 MPN g −1 after maturing ( Table 2 after maturing ( Table 2 and Figure 1) . The numbers of the other gram negative bacteria (Group J), which was suggested to be a dominant microorganism in maturing process [7] [8], increased from 0.0041 × 10 8 MPN g −1 to 480 × 10 8 MPN g −1 after maturing (10 5 times) ( Table 2 and Figure 1 ). An inappropriate MPN score (1-3-0) was observed in B. benzovorans (Group A after maturing) ( Table 2) , where confidence limit could not be calculated. The inappropriate MPN score was improved by combining few groups, A + B + C ( Table 2 ). The sum of the bacterial numbers using the larger groups, 7.89 × 10 10 MPN g −1 after thermophilic phase and 14.83 × 10 10 MPN g −1 after maturing, were higher than those using each original groups, 5.32 × 10 10 MPN g −1 after thermophilic phase and 14.74 × 10 10 MPN g −1 after maturing ( Table 2 ). Most of Bacillus spp. (A + B + C; 33 MERFLs) were appeared as the major MERFL (94.3%) ( Table 3) . They might be amplified preferentially to the other bacterial groups in the used PCR condition due to the PCR bias as described previously. A ratio of gram negative bacteria (F + G + H + I + J; 20 MERFLs) appeared as the major MERFL (57.1%) was higher than that appeared as the 2nd and 3rd major MERFL (42.9%) ( Table 3) . Whereas a ratio of the other gram positive bacteria (D + E; 2 MERFLs) appeared as the major MERFL (18.2%) was lower than that appeared as the 2nd and 3rd major MERFL (81.8%) ( Table 3 ). The results suggested that the amplify- ) were presented. Table 3 . Affiliated bacterial groups of the major, the 2 nd major, and 3 rd major MERFL and their relation to the results of similarity search. 
Conclusions
In order to estimate microbial number in agricultural soil and manure by PCR using directly extracted DNA, ittook a lot of time and task to remove completely PCR inhibiting substances, such as humic substance contained in the sample [23] - [25] . If the inhibiting substance were remained in a small amount, the amplification rate might drop and sometimes resulted in false-negative result, which caused poor experimental reproducibility [25] . By using this method, false-negative results could be removed as the following reasons: 1) concentration of the inhibiting substance decreased and that of DNA increased because microbial DNA was extracted after proliferation in the growth medium; 2) concentration of the inhibiting substance was diluted and minimized especially in higher decimal dilution vials of MPN, where the numerically more dominant microorganisms have been detected. When microbial numbers of each groups were estimated by DGGE [26] or clone-library sequencing using directly extracted DNA, PCR bias always disturbed to provide the exact information by changing a ratio of the amplified DNAs from that of the original genomes [27] [28] . As each microbial numbers were estimated by MPN not by an amount of the amplified DNA in this method, PCR bias did not effect on number and composition of numerically dominant microorganisms but their effect was limited in numerically minor microorganisms as the followings: 1) in the highest dilution vail, PCR bias was completely removed because the microbial DNA was originated from a single cell of the numerically most dominant microorganism; 2) in the higher dilution vial, numerically less dominant microorganism can be detected and enumerated, if its amplification rate were higher than that of the most dominant microorganism; 3) in the lower dilution vial, if 16S rDNA of numerically minor microorganism were preferentially amplified to that of numerically dominant microorganism, numerically minor microorganisms can be detected and enumerated.
By this method, bacterial groups concerned with maturing process of manure production were roughly estimated. Although a number of Actinobacteria (E) was high after thermophilic phase, they were only detected in the two higher dilution vials (T10 −9 1H, M10 −11 2M, Table 1 ). Actinobacteria was also detected only in two vials in the former study [1] . As the recent research indicated that 16S rDNAs of some Actinobacteria and Firmicutes were not amplified by the used PCR condition, a numbers of Actinobacteria (E) in this study might be underestimated. A new PCR condition including newly designed PCR primers for these bacteria will be presented in the following manuscript. Twenty times increase of a number of δ-proteobacteria after maturing phase could not be explained in normal manure composing process, which was caused from proliferation of various sulfate and sulfite reducing bacteria. The result might be caused from an addition of ammonium sulfate at the starting point in order to adjust carbon nitrogen ratio. As Eukaryote, such as Basidiomycota and Ascomycota, was also reported to contribute to a progress of maturing phase, the method to identify and quantify Eukaryote based on this method will be presented in the following manuscript.
Sum of the bacterial numbers estimated by this method, 7.89 × 10 10 MPN g −1 dry weight after thermophilic phase and 14.83 × 10 10 MPN g −1 dry weight after maturing, were higher than those estimated by culture dependent methods [2] [3] . For prokaryote, their activity was always connected to proliferation. As microorganisms enumerated in this method were restricted to those proliferated in nutrient broth, which eliminated microorganism losing proliferation ability, the method presented here might be effective and useful for the purpose to monitor bacteria actively proliferated in culture medium.
As the method was a new method, which was different from the other known analysis methods for microbial group such as denaturing gradient gel electrophoresis (DGGE) [29] or terminal restriction fragment length polymorphism (t-RFLP) [30] . Compared to the next-generation method such as pyro-sequencing, by which relative abundance of dominant microorganism was determined after affiliations of all the microorganisms, our method provided information of the most dominant microorganisms preferentially to the minor one more simply and rapidly. As reliable affiliations of all the bacteria might be difficult by our method, our method might not be suitable for pure research purpose, but suitable as inspection method due to its lower running cost and simplicity. A difference of the results obtained by this culture-based technique and that by the unculture-based technique will be presented in the following manuscripts, and the availability as evaluation method for the other microbial groups, such as multi-drug resistant bacteria, bacteria causing food poisoning, and bacteria having special functions, a precision of the affiliation, and validation of enumeration of each microbial group will be described in the following manuscripts.
